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Air Techn#éal;Sérvice Command, U, S. Army Air Férces
THE EFFECT OF BACH NUMBER ON THE AERODYNAMIC
CHARACTERISTICS OF A SINGLE-ENGINE PURSUIT AIRPLANE
AS DETERNIIED FROM TESTS OF A
1/3-~SCALE MODEL

By Robert C. Roblnson and Fenry Jessen

SUMMARY

Presented herein are the results of tests to determine
the effects of HMach number on the aerodynamic characteristlcs
of an Allison powered single~engine pursult alrplane. The
11ft, drag, and pltching-morment characteristics at high speed
ere dlscussed and data are included to show the variation
of stablility, tall effectiveness, and elevator effectlveness
with Mach number. The increments of drag and pitchlng moment
due to a detf'lector vane in.-Iront of the radiator scoop are
presented.

INTRODUCTION

Although a model of a Merlin powered version of the
airplane had been tested previously in the Ames 1l6-foot wind
tunnel (reference 1), it was desired %o obtain data on a
model of the Alllson verslon of the- alrplane for corre-
lation with the results of flight tests under way at the
Langley Memorlal Aeronautical Laboratory. The investigation
was carried out at the request of the Alr Technical Servlce
Command, U. S. Army Air Forces.

Both pressure~distribution measurements and force tests
woere included. This report deals with the aerodynamic
characteristics Iin pltch as obtalned from the force tests,
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Data-areg Included to show the effects of liach number on the
stabllity and on the elevator and horlzontal-tall effective-
negs, : -

On some early verslions of the alrplane, & retractable
deflector vane was used in front of the radlator scoop to
prevent overconling during dlves, Pllots have reported that,
in dlves with this vane extended, longitudinal oscillatlions
of the alrplane develop at a higher ilach number than with the
vane retracted. Tests were made at 1ift coefflclents ranging
from —0,04 to O.l4 with the vane attached to the model in
order to investigate lts effects on drag and pltching-moment
coefflclents,

Dive-recovery flaps were present on the airplane making
the flight tests, In order that the nondel would more closely
represent the airplane, tests were made wlth a simulation of
these flaps, in the retracted position, attached to the model,

liost of the flgures presented are cross plots from the
data plotted ageinst iiach number and elevator angle, and
ononsecquently the experimental points are not shown.

APPARATUS

The 1/3-ecals mndel vas designed and bullt at the Ames
Aeronautical Iaboratory and is sinilar in constructlion to the
mndel described in reference 1, The t10 models represented alr-
planes which differed mainly in the lines of the forward part
of the fuselage and the vertlcal location of the wing. Changlng
from the Alllson engine to the iierlin engine (reference 1) made
1t necessary to change the forward lines of the fuselage, the
carburetor alr sconp belng moved from the top to the bottom of
the nose., Also, for the iferlin versinn of the alrplane the
wing was lowered 1 inch (model dinecnsion) and the size and
lines of the co2ling-—alr duct were changed. The horizontal
tall on the model in thls report was thc same as the standard
taill of reforence 1, Sealed gun opnenings in the wings, dummy
gun cowlings nn the forward part »f the fuselage, and an
optograph cover on the top of the aft portlon of the
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Tuselage were added to the basic model., The exit Ilaps of

" the cooling-air.ducts were in the flush position for all

tests, A three-view drawing of ‘the model “is shown-in ' ... ...
figure 1, and the wind-tunnel setup is illustrated ,in the
photograph of figure 2. Figure 3 shows the radiator
deflector vane in place on- the model.

The model was mounted in the tunnel on a three-strut
support system with two H-percent-thick front struts and a
{-percent~thlck rear strut, The front struts were spaced
80 inches gpart and the trunnion wes 25 percent of the
chord aft of the leading edge.

The following is a list of pertinont dimensions of the
model:
Wing. area, 8@ ft . . . . . . . ..o ... . ; 25.91

BPAN, T o o o v o v + v o 4 e e e e e e e e e ... 12,34

Mean aerodynamic chord,'fﬁ . .”;.; ;.;-. s s e e s e 2.21
Aﬂ'pect ratio Of Wing [ ] [ ] ® [ ] L] [ ] [ ] L[] [ ] L[] L] L] L] L[] - [ 5.89
Tall length (25 percent M.A.C., to elevator h;nge

1106), £ o0 v b e e e e e e e e C . e BJT5
Horizontal-teil area, 8 £t. « +-v- s = « « ¢ « « . . 4,66
Horlzontal-tail epan, £t . « « « « « -« = « <" 0w =« « » 4,39
Agpéct ratilo of.hoﬁizontal-ta&l#planev~§4. A (9 1

Normal stabilizer incidence rélativefto:fuaelage .
reference line,-deg ; e e w'... e e e e 2
Elevator arsa aft.of .hinge  line (esech}, -sq ft. . ... 0.723
Mass-balance paddle area (each), sq ft s e« « 4 . . 0,028
Elevator—tab area (each), B8q f5. « « » o « + . . . 0,106
Elevator span at hinge line (each), £t . . . » . . . 2.043
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Normal cenmerdofﬁgnavity 1ocatien

, ‘\.'

Perdent . meenxeerodynamic chord‘ ffL.. s e e . . . 26.0 N

Distance below fueelage referende line, in .. . .. 3.18-;--5

SYMBOLS - _ S
The eyMbols ueed 1n this report are defined as followe' '

v free—stream velocity, feet per second
p . mass density of alr, slugs per cubic foot ' ':L.;J
q freg;g:ream dynamic pressure (30v®), pounds per square.
M yMech.number<' V. Y
veIocity of o E

5 wlng area, .square feet '
M.A.C. mean .aerodynamic -chord, feet
Cr, 11ft coeffi'bieri't(ligt )

"~ - _q . -
Cp dreg coefficient(d'—" >
cmc g pitching—moment coefficient aoout the center of-

gravity (jitchin moment about the center of gravit

a pngle of atteck of fuselage reference line corrected
for tunnel-wall effects and upflow ‘due to support
etrute, degrees

ay uncorrected angle of atteck of fuselage reference.
" . line, degrees :

i; incidence -of horizontel stebiliZer with respect to
thea fuselage reference line, degrecs :

ACy 1ncrement of pitching—moment cooffieient

ACp '1ncroment of dreg coefflolent
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WIND-TUNNEL CALIBRATION AND CORRECTIONS

‘The dynamic predsires and Mach numbers were -detemmined
by means of a static—~pressure survey in the reglon of the
tunnel occupled by the model. All three struts were in

blace -during the survey. The results obtalned were. corrected

for the constrictlion effect of the model. A detalled
description of the survegy method and the constriction
correctlon arc glven in reference 2.

Tunnel-wall, tare, and upflow corrections were applled
to all the data. The tunnel-wall correoctlons were ocalcu-—
lated by the method of reference 3. Drag and pitching-
moment tares due to the support struts were eveluated from
force tests of the struts alone. In order to find the
upflow effects caused by tho front struts, tests wore made
with the mrodel ercct and invertcd. One-hslf the dilfference
between the angles of zero 1lift for the two conditions was
taken as the upflow angle. The followlng table lists the
corrections that have been applicd:

_ H AGDupflow Ad%ggé?w
0.4 - 0.690 o.o&fﬁ{?é: - 0.10
7 .00320 Cr, .18

.725 00545 Cp, .31

.75 .00735 Cy, Lo

775 .00925 C1, | .53

8 .01135 Cp, | = .64
a .01205 Cp, .69
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Angle-of-attack correction = 1.019 Cr + Audpflow

Drag-coefficlent corrcction = 0.0178 CLQ + ACDupflOW.+ ACDtare

0.0178 ¢1° + ACpypr1ow = ©-010

Pl tehing-moment-coefficiont

corrcction = 0,0118 Cr, + ACm, .

(¢}

= 0,0118 Cp, + 0.0220

RESULTS AND DISCUSSION
Longlitudinal Characteristics

Tho 1ift cooffleciont for the modol without and with tho
tail surfaces (figs. i and 5, rcspectively) has been plotted
in carpet form to show simultencously its variation with Iach
number and angle of attack. Tho pitching-moment coefficicnt
1s also plotted in carpot forrm (fig. 6) to show its variation
with 1ift coefficient for various lach numbers. Figurc 6
shows that the static longltudinal stability -oCp/éC;, at the
1lift coefficlent for balance with the elcvators ncutral changed
from 0.078 at a Mach number of 0.l to 0.203 at a Mach number
of 0.8 - an inercasc of 160 pecrcent. For thc same rangc of
Mach numbors the 1lift coofficicnt for balance decroasod from
0.065 to -0,125. : :

The variatlion -of drag cocfficlent with 1ift coofficlent
is shown in figure 7 for sevoral Mach numbors, and tho offoct
of Mach numbor on the drag and pitching-moment coofficients
for various 1lift coefficionts is shown in figurc 8.

The above Mach number effocts are simllar to thoso found
for the modol of tho Morlin poworod version of tho airplano,
and their influence on tho longltudinal-control characteristics
is discussed in rofercnco 1.

Elovator and Tall Effoctivonoss
The offect of elovator deflection upon the pltching-

moment coefficioent is nrosonted in f%ﬁyros 9(a) to 9(g).
For the samoc elovator defloctions (-8 to 3°) the changs of
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1ift coefficient was roughly 0.006 por degree. The maximum
change of drag coefficient due to the 11° éhange of elevator
deflection varied fronm 0.002-to 0.0l15, depending on-the angle
of attack and Mach number. From figure 10 1t can be seon
that tho decrease of elevator effectiveness with Mach number
was small enough to be unimportant.

The increment of piiching-—moment. coofficlent resulting
from changes in stablilizer incldence and the effect of Hach
nurber on tall effectlveness are shown in figures 11 and 12.
For negative stabllizer angles and the higher Mach numbers,
the tall cffectliveness decreased for large negative angles
of atteck. This decrease was evldently due to shock stalling
of the horizontal tall caused by the large angle of attack
and high Mach nucber.

With the standard stabllizer incldence and for small
angles of attack, the tall effectlveness lncreased slightly
with Mach number up to 0.765. At 0.4 Mach number the taill
effoctiveness was about 1.5 times as great as that for the
elevator, and at 0.765 1t was gbout 2.l times as great.

The fact thet tie elevator has less effect on the pressure
distribution over the stabilizer at high Mach numbers and

the i1ncreasd of lift-curve slopc with lMach number for the
horizontal tail with elevator neutral account for this change.
1t appears that, as higher Mach nuubers are reached, a control-
lable stabilizer or an all-wmovaeble Trll plane wlll become

more desirable from purely aerodynamlc conslderations.

Effects of Deflector Vane end Retracted
Dive—-Recovery Flaps

Extenslon of the deflector vene in front of the cooling-
glr scoop caused e positive incroncnt in pitching-moment
coefficlent of ebout 0.0038 which was practically unaffected
by Mach number or small chenges of angle of atteck. The dreg
increment was negligible up to a lach number of about 0.75,
but at 0.8 1t varisd from 0.004 to -0.00§ depending on the
engle of atteck. However, the vericilon with angle of sttack
was rather inconsistent, as shown in figure 13. Nelthcr the
dreg nor pltching-moment—coefficlont increments offer an
explanatlion for the effect the d¢flector vane was reported to
have on the alrplane in dives.
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The additional drag coofficlent caused by the retracted
dive-rocovery flaps was small and its varlation with Mach
numbor is shown in figure 1.

CONCLUSIONS

High~speed tcsts of a 1/3-scale model of a single-
ongino pursuit airplanc showed the followlng effccts of Mach
number on thc longlitudlnal stabllity and on the effectlvcnoss
of tho tail and the olcvator:

1. 4n increasc in tho Hach number from 0.l to 0,8
caused an increcse of 160 ncrcent in the static longitudinal
stability. There was o corresponding decroasoc of 0.19 in the
1ift coofficient for balance with the olevators ncutrel,

2. Changoes of tell ond clevator cffoctlivenoss with
Mach number wcrc smnll bub sufficiont to causc tho ratio of
tail to elovator coffectiviness to irercaesc from 1.5 at O.b
Moch number to 2.1 at 0.765 linch number for small cngles of
attack.

3. The smell incromcints In drag and pltching-momont
coefficicnts causod by thc cooling=alr deflccbtor vano do not
oxplain the effoct thls vanc was reportcd to have on longl-
tudinal oscillatlons of thc alrplanc whern diving.

Amos Acronautical Laboratory,
Natlonzl Advisory Commlttec for Acronautics,
Moffott Fiold, Calif., Mzy 3, 1945.
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Figure 2.~ The 1/3-scale model in the 16-foot wind tunnel
(5-percent-thick front struts spaced 80 inches,
7-percent~thick rear strut).

Figure 3.- Deflector vane in front of the cooling duct on

the model.
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FIGURE F.— THE LIFT COEFFICIENT CARFPET- FOR THE
F -SCALE  MODEL WITHOUT A TANIL .
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7

FOR THE 5-SCALE MODEL . [y 2% ; & ,0° .



MR No. ABEO3

M
Qo 0398 .
A O.545
o
v
o
10 d
L
o
0.8
0.6
04
G
0.2
°A
o
(X
-02
b d
0.02 0.04 0.06 0.08 o.l0 o2 0.14
Co
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
FIGURE 7.~ THE VARIATION OF DRAG COEFFICIENT

W/ITH LIFT COEFFICIENT FOR SEVERAL VALUES
OF MNMACH NUMBER.



MR No. ABEO3

0.04
2]
Cmc. g
- 004
-0.08
-0.12
o4 o5 0.6 07 0.8
M
o008
0.06
<o
004
G a6
) )
o4
0.02 92
0/
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
O
OF os 0.6 07 08
M
FIGURE &.—

THE VARIATION OF PITCHING-MOMENT ANDO DORAG
COEFFICIENTS WiIiTH MACH NUMBER AT SEVERAL
VALVES OF LIFT COEFFICIENT .



VL

NATIORAL ADVISORY
COMMITTEE FOR AERONAUTICS

20
—0.04 g 0.0+ 008 C./2
A C’"c.y.
@) M=04
FIGURE 9.— THE [INCREMENT IN PITCHING —MOMENT COEFFICIENT ouEe TO

ELEVATOR DEFLECT/ION FOR SEVERAL ANOLES OF ATTACK.

“ON YN

€036V



=0.04 o 0.04¢ 0.0 O./R

b) M=0.55 .
Frgure 9.— CONTINUVED .

-&° OCU=~4D oc,=-2° oc,=0 oc,=2° xy=
- 6°
p— 40
Se
- 2° )

NATIONAL ADVISORY
COMMITTEE FOR AERON AUTICS

"ON dW

¢03gv



oc,=—4°

—.80

_60

s ©
- 2°
),

ocy=-R°

oC,=0

OCU=2,°

“ON YN

oc,=4° oc,=6

¢03gy

2‘
0.0« a Q04 0.08 Ol2
AC’"c.g.
o M=07
FIGURE B.—  CoNTINUED.

NATIONAL ADVI SORY
COMMITTEE FOR AERONAUTICS



....80

oCy=-R°

oc,=2°

VI

- o<, =6°

ZO

—0.04 o 0.04 Q08 0./2
ASCsncg_

@NM=0725
Fraure 9.— Conrinvuep.

NATIONAL ADVISORY
COMMITTEE FOR AERONRAUTICS

“ON W

c03gv



OCU:-—,Z"

oc,= 2°

i,

— 0.04 2] Q.04 0.0& 0./2
A Cn,

@ N =075
FiGURE 9.—  CONTIMUED.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

=£° oCy,=

"ON N

¢03gv



_.__40

oCy,=0°

VL

—0.0# 0 o.0¢ 008 o2

A Cmc.g.

£) M=0.775
Fiqure 9.~ Cownr/wnueDp.

NATIONAL ADVI SORY

COMMITTEE FOR

AERONAUTICS

ON dW

co3dgv



. OCU:—4° o,=—2° oC, =0
-8
—_ 6"
- 40
Se

- p°

20

- 0.04 o 0.04 0.08 o/2
A C,,,C_g.

O M=08
FiGure 9.— CowneLUDED.

oCy=2°

oCy=4°

COMMS TTEE FOR

NATIONAL ADVISORY

AERONAUTICS

“ON UW

¢ 03gv



MR No. ABED3

)
o Cnm
d Se o<, - 2°
-0.02
(o)
3 Cnm
0 Se o, 2°
' -002
0
3 Cm
J e o, 6"
-0.02
0.3 o.4 o5 0.6 o7 a8
NAack NoA/BER
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
FI6ure [0.— THE VARIATI/ION OF ELEVATOR ELEFFECTIVENESS

wrrk NMAcH NUMBER FOR THREE ANGLES OF
ATTACK. 2p,2°




MR No. ABEO3

0.20

-_6 °
-0./0
N =055
40
2
_60 %: 4_0
45
6
=0./0
-6°

=0./0

NATIONAL ADVI SORY
COMMI TTEE FOR AERONAUTICS

@ M=0.4,055, an0 O.7.
FIGURE [Il.— THE VARIATION OF FITCHING — MOMENT
COEFFICIENT WiIrH TAIL INCIDENCE FOR
SEVERAL ANGLES OF ATTACK. Ode y o°.




MR No. A5E03

NATIONAL ADVISOURY
COMMITTEE FOR AERONAUTICS

(b)) M = 0725 anvo O.75
FIGURE [1,—~ CoONT/NUED.

—




MR No. ABE03

M= o0.80

o<, - ¢°

NATIONAL ADVISORY .
COMMITTEE FOR AERONAUTICS

CIM=Q775 ano O.8
FIGure //.— CowncrLupep.




MR No. ABEO3

o
OCm —
ol _
0.02 oqu_ze
—0.04
o
0 Cm
o Iy
~0.02 o
oCa) 2
~0.04
o
3 Cnm
J 't —0.02 oCy, é6°
‘0-04
0.3

FiGure 12.—
Wit NMAcH NUMBER FOR THREE ANGLES

OF ATTACK.

MAacH NUNMBEBER

NAT IONAL ADV)SORY

COMMITTEE FOR AERONAUTICS

0.7 0.8

THE VARIATION OF TAIL EFFECTIVENESS




MR No, ABEO3

0.02
A CD ocy, 0°
o — 7,
-2°
—002
.04
A Cm
o<, ~2°,0° 2°
O 1
03 o o5 d.é o7 o8

N7

FIGURE [/3.— ADDIT/IONAL DORAG ANDO PITCHING —NONMENT
COEFFICIENT FROM THE DEFLECTOR VANE.

0.02

ac,

0.3 o4 o8 0.6 0.7 0.8

M NATIONAL ADVI SORY
COMMI TTEE FOR AERONAUTICS

FIGURE |4~ ADDIT/IOoNAL DRAG COEFFICIENT FROM
THE RETRACTED DIVE - RECOVERY FLAPS.




Toeh nnnnnn

mmmmm '




